Abstract
Introduction
Extremophilic algae are attracting attention as a prospective pool of organisms producing compounds of biotechnological interest (HOHAM and DUVAL 2001 , PULZ and GROSS 2004 , SECKBACH 2007 , R FEZANKA et al. 2008 . The cryosestonic alga Chlamydomonas nivalis produces large amounts of the red pigment, astaxanthin, which is an effective UV screen and, as a free radical acceptor, protects cells against photoinhibition (REMIAS et al. 2005 , R FEZANKA et al. 2007 ). Moreover C. nivalis is not a strict cryophile as photosynthetic activity continued up to 20°C for about one hour (REMIAS et al. 2005) , as was the case with the mesophile Haematococcus pluvialis (WANG et al. 2003) . Recently C. nivalis was patented for use in cosmetics as a UV filter (BROOKS and FRANKLIN 2011, SCHÜRCH et al. 2010) .
In addition, cryosestonic algae contain anti-freeze proteins (AFP) that bind to small ice crystals in cells and permit the survival of cells at temperatures below zero (LI et al. 2009 , GWAK et al. 2010 . For space research (astrobiology), cryoseston is used as an analogy for e.g. Martian life (WHARTON et al. 1989 , ROTHSCHILD 1990 , KANIK 2009 
Sampling and sample processing
Snow samples were collected into plastic bags, in volumes of ca 20 mL, transported in a thermos bottle to the laboratory, melted, centrifuged for 20 min. at 3000 g, at temperatures below 5°C, examined with the use of an Olympus DX 50 microscope and photographed using a DP10 digital camera. Autofluorescence of chlorophyll was observed under the same microscope, equipped with a filter combination of 360-370 nm excitation, >515 nm barrier filter. Samples were inoculated into medium Z (STAUB 1961)-containing tubes, solidified with 2% agar, and held in a refrigerator at a temperature of less than 7°C with continuous irradiation from fluorescent tubes (ca 20 W m -2 PAR). The selected strains are maintained in the Collection of Biotechnological Exploitable Microorganisms (COBIEM) in Tr febon f (Czech Republic).
Results and discussion
In snow samples from the Pirin Mountains, we isolated and identified 18 microorganisms (Pl. 1-4, Figs. 1-56).
Chlorophyta
Chlainomonas rubra (J. R. Stein et R. C. Brooke) Hoham, Pl. 1, Figs. 1-8.
Syn. Sphaerellopsis rubra Stein et Brooke 1964
Description: Cells egg-shaped, about 30 × 50 mm, sometimes with a small, but prominent papilla, flagella not observed. Cell wall smooth, outer and inner envelopes separated by a wide space. Protoplast contents brown, filled by small grains, pyrenoid not observed. Division into 2 autospores is predominantly unequal.
Distribution: Chlainomonas rubra and C. kolii were identified only from snow. C. kolii was described as a snow alga by HOHAM (1974a) , who re-arranged Trachelomonas kolii (Euglenales) into Chlorophyta, as Chlainomonas kolii. This same alga was described in snow samples from Canada, in the NW Pacific Mountains of the USA, and in Mt Philistine, New Zealand (NOVIS 2002 , NOVIS et al 2008 . Chlainomonas rubra (HOHAM 1974b) was identified in snow in Tirole, N. Island of New Zealand, the Pacific Northwest USA, Wenatchee Natl For., Washington, and Mt. Seymour Park, Brit. Columbia, Canada (NOVIS et al. 2008 ). It represents a new genus and species for the Bulgarian algal database, and this is only the second documented record in Europe. Cf. Chlainomonas was also identified in Central Svalbard (KVÍDEROVÁ 2012) .
Notes: Type of the genus is C. ovalis H. R. Christen. The monophyly of the genus Chlainomonas was proven by DNA analysis. It is the only quadriflagellate chlorophycean unicell that shares a robust affinity to biflagellates. Maybe Chlainomonas was derived from the fusion of biflagellate cells or is a diploid component of a biflagellate phase (sexual reproduction was not seen). The flagellar basal apparatus was also organized into two distinct pairs of basal bodies that lack connections (NOVIS et al. 2008 ). The alga is very sensitive to temperature, and can only live at 0-4°C (HOHAM 1975) . Perhaps for this reason we have not yet been able to culture this organism. The colour of the alga found in the Pirin Mountains is very unusual. While cells of C. rubra and C. kolii are a pink-red colour, while our material was more brown (Fig. 7) . The pigment composition could be unique. (Figs. 11, 21 ), in agreement with REMIAS et al. (2005) .
Chlamydomonas nivalis
Notes: The characteristically brick-red colour of protoplasts is caused by astaxanthin and its fatty acid esters. This compound protects the alga from damage by UV irradiation. The first screen is a cover made up of inorganic dust particles that stick to the mucilage layer CEPÁK V., LUKAVSKÝ J. numerous, peripheral small vacuoles, between the lobes of the chloroplast. Reproduction was by 2, 4 (8) autospores. Notes: KOL (1956) determined the species in the Rila Mountains and placed it into Chlorophyta (Chlorococcales), proving the classification by observation of zoospores with 2 equal flagella. In our material, green as well as yellow-green cells and only autospores were seen. Zoospores in figures 25 and 29 are probably the products of Chloromonas rostafinski. For further study, isolation of unialgal culture will be necessary.
Bacillariophyceae
Aulacoseira granulata var. angustissima (O. F. Müll.) Simonsen, Fig. 36 Syn. Melosira granulata var. angustissima (O. F. Müll.) Hust. This species was found only in the form of dead frustulae, but our identification of living cells of identical species in snow from a few other localities e.g. the Stara Planina Mountains, Bulgaria (LUKAVSKÝ and CEPÁK 2010) and the Sierra Nevada Mountains, Spain (CEPÁK and LUKAVSKÝ 2012) proved that they are not accidental, but are true cryobionts.
Hantzchia amphioxys (Ehrenb.) Grun., Fig. 27 Dead frustulae of the species were determined in a few localities, as with previous species. Notes: A few individual cells of Chlamydomonas nivalis were infected by some chytrid (Figs. 13, 18) . Also figure 39 probably shows a cluster of zoospores, with characteristic oil droplets, after being released from the sporangium. For exact determination, we need details of intracellular components of the fungus (rhizoid -single or branched, hausotrium etc.).
Chytridium chlamydococci was described as a parasite of Chlamydococcus pluvialis. It was also described as Rhizophydium acuforme (Zopf) Fischer by LETCHER and POWELL (2012) . Rhizophydium acuforme has been observed several times, as common parasites of moving Chlamydomonas cells (LETCHER and POWELL 2012, LUKAVSKÝ 1970) . In cryoseston, KOL (1968) established that similar organisms such as Chytridium chlamydococcii f. cryophila were common parasites of Chlamydomonas nivalis. It has been found globally in Europe, America etc.
Characteristic features of Rhizophydium acuforme are few sporangia/host cell, adult sporangia have prominent papilla, rhizoid is branched into a few parts, zoospores with a prominent oil droplet and a long flagellum, thick-walled spores are rounded. Relationships betweenthe two organisms are unknown and further study is necessary.
Chionaster nivalis (Bohl.) Wille, Fig. 42 This fungus is a common species of cryoseston. In Bulgaria, it was identified for the first time in the Pirin Mountains (KOL 1956 ) and in the Vitosha Mountains (LUKAVSKÝ et al. 2009 ). It is recognized as »nomen dubium« (ARX et al. 1977 , KIRK et al. 2001 ).
cf. Myzocytium, 56 Description: Thallus thick, tube-like, later as a chain of rounded elongated blue cells, reproduction not seen. Saprophytic fungus, decaying pollen grains.
Notes:
Myzocytium is a common parasite of living algae, especially Conjugatophyceae, e.g. Micrasterias (BATKO 1975) , and it was identified in snow for the first time. For a precise identification, it would be necessary to observe its reproduction. Phycomycetes, particularly Chytridiomycetes, are recognized as the principal organisms causing the degradation of pollen grains (GOLDSTEIN 1960) . In cryoseston, pollen grains were found, but their decomposition has not yet been studied thoroughly.
